Postural orthostatic tachycardia syndrome (POTS) is one of the most common forms of chronic orthostatic intolerance in the general population. POTS is defined as a heart rate increase of at least 30 beats per minute (or a rate that exceeds 120 beats per minute) that occurs in the first 10 minutes of upright posture or the head-up tilt test (HUTT). 5 Patients diagnosed with POTS exhibit an abnormal sympathetic response. Despite the increased sympathetic response of the heart, there is a disrupted peripheral vascular response, and therefore selective peripheral neuropathy is considered present in patients with POTS. 6 A study in adolescents showed sympathetic nervous system dysfunction in the physiology of chronic fatigue syndrome (CFS) by demonstrating an abnormal catecholaminergic-mediated thermoregulatory response at resting state and in the local cooling test on skin. 7 Furthermore, CFS has been associated with catecholamine-O-methyltransferase (COMT) and B2 adrenergic polymorphyism. 8 Syncope, POTS, and CFS have similar etiologies but exhibit distinct clinical presentations. Previous studies have demonstrated that adolescent patients with CFS often exhibit POTS findings during the HUTT. 9, 10 Neurally mediated hypotension has been shown to be the most common cause of unexplained recurrent syncope, and overlapping findings have been found in CFS and neurally mediated hypotension. 9 When defining hyperadrenergic orthostatic hypotension with increased plasma levels of epinephrine and norepinephrine, Streeten 11 found that orthostatic hypotension developed due to the accumulation of blood resulting from anatomic or functional postganglionic denervation in the lower-limb veins.
Vitamin B 12 is involved in the methylation reaction regulated by S-adenosylhomocysteine and S-adenosylmethionine. This reaction plays a crucial role in the myelin formation associated with neurologic deficits in patients with vitamin B 12 deficiency. Dysfunction in unmyelinated sympathetic neurons, however, has not been shown. Toru et al suggested that vitamin B 12 is required for the physiologic function of sympathetic postganglionic fibers. 12 In vitamin B 12 deficiency, myelin synthesis is disrupted and may lead to baroreflex dysfunction, affecting the sympathetic regulation of blood vessels and the autonomic nervous system, as observed in demyelinating disorders. 13, 14 Furthermore, the blood level of noradrenaline is particularly increased because of the dysfunction of enzymes requiring vitamin B 12 , such as phenylethanolamine n-methyltransferase (involved in the conversion of noradrenaline to adrenaline) and COMT (involved in adrenaline-noradrenalinedopamine degradation).
On the basis of these findings, we investigated the association between B 12 levels and POTS in adolescents.
METHODS
This prospective study covers the period between November 2009 and May 2010. We included 125 patients who were admitted to our unit for an evaluation of vasovagal syncope. Fifty healthy subjects who underwent a cardiovascularassessment foran innocent murmur were also included in this study. The parents of the patients and subjects in the control group were informed about the clinical condition and the possible causes. Informed consent was obtained from the patients for the tilt test and the blood tests and from the control subjects for the blood tests. A comprehensive anamnesis, complete physical examination, 12-lead electrocardiogram, transthoracic echocardiogram, tilt table test, and blood tests were performed in all patients. Patients with neurologic, psychiatric, and cardiovascular disorders were excluded from the study. The inclusion criteria were as follows: (1) history of vasovagal syncope; (2) aged ,18 years; (3) ,6 months between the index episode of syncope, presyncope, and the first assessment; and (4) no history of infection at the time of blood collection. The physical examination, 12-lead electrocardiography, and transthoracic echocardiography were normal in all subjects enrolled in the study.
Study Design
The history of the initial attack was obtained from the patient, parents, and other bystanders. All children were reevaluated and classified according to the tilt table results. Within the patient group, patients with a positive tilt test (36 of 125) were compared with those with a negative tilt test (89 of 125), and patients with POTS (35 of 125) were compared with those without POTS (90 of 125). We also compared vitamin B 12 levels between the groups.
Tilt Table Test
All children were tested in the morning after fasting for 8 hours. Heart rate was monitored continuously, and blood pressure was recorded every 2 minutes by using an automatic sphygmomanometer. The children were kept in a supine position for 10 minutes. They were then tilted to a head-up position at 85°for 20 minutes. Previous reports showed that this protocol was associated with optimal and adequate sensitivity rates. 15, 16 A positive response was defined as the occurrence of syncope or presyncope during the HUTT, accompanied by $1 of the following signs 17 : (1) bradycardia, characterized by a heart rate ,75 beats per minute in children aged 4 to 6 years, a heart rate ,65 beats per minute in children aged 7 to 8 years, and a heart rate ,60 ARTICLE beats per minute in children aged .8 years, sinus arrest, degree II or greater atrioventricular block, and asystole for 3 seconds; (2) hypotension, defined as a systolic blood pressure #80 mm Hg or a drop of .15 mm Hg and/or a diastolic blood pressure ,50 mm Hg. A cardioinhibitory response was defined as an abrupt decrease in heart rate. A vasodepressor response was defined as a decrease in blood pressure. The mixed pattern was characterized by a decrease in both heart rate and blood pressure. 18 POTS was diagnosed on the basis of a heart rate increase .30 beats per minute or a maximum heart rate .120 beats per minute, causing lightheadedness, fatigue, presyncope, and dizziness in the absence of profound hypotension. 5 
Analytical Methods
Blood samples were obtained from each patient for the analysis of serum B 12 levels, the folic acid level, the ferritin level, hemoglobin, hematocrit, and mean corpuscular volume. All samples were collected after 8 hours of fasting. A low vitamin B 12 level was defined as ,300 pg/mL. [1] [2] [3] [4] An ABX Pentra 120 (Horiba) device was used for the blood count, and a Roche E-601 analyzer was used for the detection of vitamin B 12 levels.
Statistical Analysis
SPSS for Windows 15.0 (SPSS, Chicago, IL) was used for the statistical analysis. The results of the descriptive analysis were expressed as the mean 6 SD for numerical variables. The mean values of variables with normal distribution were compared between groups using Student's t test; variables with abnormal distribution were assessed using the Mann-Whitney U test. The KruskalWallis test was used to determine significant differences between continuous variables. If the overall P value was significant, the Mann-Whitney U test was conducted to evaluate differences among groups. The x 2 test was performed for each categorical variable.
RESULTS
Among the 125 patients with syncope, 50 (40%) were boys, and 75 (60%) were girls. There was no difference between the patient and control groups in terms of age or gender distribution (Table 1) . During the HUTT, a cardioinhibitory response was observed in 9 of the 125 children in the neurally mediated syncope group, a vasodepressor response was observed in 5, a mixed pattern response was observed in 22, and the POTS pattern was observed in 35. The hematologic parameters (hemoglobin, hematocrit, mean corpuscular volume) and the folic acid, ferritin, and vitamin B 12 levels of the groups are displayed in Table 1 . Vitamin B 12 levels were significantly lower in children with vasovagal syncope compared with healthy subjects (352.75 6 160 vs 411.32 6 134, respectively, P , .001). By contrast, there was no significant difference between the 2 groups regarding hemoglobin, hematocrit, mean corpuscular volume, folic acid, or ferritin values. A low vitamin B 12 level was found to be more prevalent in children with vasovagal syncope (47.2% vs 18%, P , .01). In the vasovagal syncope group, children with the POTS pattern had significantly lower vitamin B 12 levels compared with children with syncope without the POTS response. However, the number of patients with low vitamin B 12 levels was significantly higher among children with the POTS response, P , .03 (Table 2 ). There was no significant difference between tiltpositive patients and tilt-negative patients regarding vitamin B 12 levels (377.00 6 180 vs 342.9 6 152.16, respectively, P . .05).
Patients with low levels of vitamin B 12 were referred to the hematology polyclinic for treatment and follow-up, and those with persisting complaints after normalization of B 12 levels were referred to our department again. During follow-up, 8 patients with normalized vitamin B 12 levels were rereferred to our department due to persisting palpitation and presyncope, and a bblocker was added to their treatment regimens. 19 
DISCUSSION
In the current study, we aimed to evaluate the relation among vasovagal syncope, POTS, and vitamin B 12 deficiency. Syncope was identified more commonly in girls aged .10 years in this study. Orthostatic hypotension was not invariably observed in the group with low levels of vitamin B 12 . Whereas vitamin B 12 deficiency was observed in 47.2% of the patients, the rate of orthostatic hypotension was 12.6%. In addition, 28.8% of the patients had a positive tilt test, and POTS was observed in 28%. Low levels of vitamin B 12 were observed in 62.8% of the patients with POTS.
The tilt test may be affected by various factors, including the discomfort of being in the examination room, the discomfort caused by the intravenous or intra-arterial interventions, the tiredness and relative volume depletion related to long-lasting electrophysiological examinations performed before the procedure, and the prolonged duration of the procedure. Therefore, patients with similar laboratory data may respond differently during the tilt test. Generally, the results obtained from controlled studies have demonstrated that the HUTT is highly specific, although there are contradicting publications regarding the sensitivity of this test, with values ranging from 32% to 85% in reported series. 20, 21 Therefore, "tilt" test protocols that are pharmacologically induced with isoproterenol are commonly used to increase the diagnostic value of the test. 22 Vitamin B 12 deficiency is known to be more common among the elderly, although there is a currently increasing prevalence among adolescents worldwide. This is due to the increased need associated with accelerated development, decreased intake related to inadequate diet (vegetarian diet, 23 obesity 24 ) , and the side effects of medications (metformin used in the treatment of obesity, 25 oral contraceptives, 26 and antireflux medications such as proton pump inhibitors 27 ).
Vitamin B 12 is a cofactor for the following enzymes: (1) methylmalonyl coenzyme A (CoA) mutase, catalyzing the isomerization of methylmalonyl-CoA to succinyl-CoA, which is required for myelin synthesis; (2) phentolamine N-methyltransferase, which is required for the conversion of noradrenaline to adrenaline; and (3) COMT, which is required for the degradation of catecholamines. Decelerated demyelinization and nerve conduction and increased serum levels of noradrenaline have been observed in vitamin B 12 deficiency.
Some studies have shown that the functions of sympathetic postganglionic nerves require vitamin B 12 , although the presence of demyelinated sympathetic nerves has not been demonstrated in vitamin B 12 deficiency. 12 Additionally, autonomic dysfunction, POTS, and syncope have been shown to be common in diseases related to myelinization deficits. 28 Studies have shown dysfunction in the baroreflex mechanism and the autonomic nervous system, particularly in the sympathetic nervous system, in the pathophysiology of CFS, POTS, and syncope. Therefore, despite the increased serum levels of noradrenaline, an inadequate noradrenaline response has been found in the lowerlimb veins. Venous pooling occurs in the lower limbs as the heart rate increases during the HUTT. 6, 7, 11 Because similar mechanisms are involved in vitamin B 12 deficiency, we believe that patients with CFS, POTS, and syncope should be screened for vitamin B 12 deficiency.
In their study in 2002, Beitzke et al demonstrated autonomic dysfunction in vitamin B 12 deficiency during the HUTT, similar to that observed in diabetic autonomic neuropathy. In these patients, there was a reduced increase in the cardiac index and in the total peripheral resistance index, and the baroreceptor sensitivity was disrupted. 29 Patchell et al reported syncope episodes without orthostatic hypotension in the presence of vitamin B 12 deficiency in a patient diagnosed with anorexia nervosa. 30 An article by Skrabal emphasizes that neurologic findings may occur without anemia in the elderly population with frequent presyncope and falling due to vitamin B 12 deficiency and that it is inaccurate to assume vitamin B 12 deficiency cannot present without anemia. Both peripheral and autonomic neuropathy develop in vitamin B 12 deficiency, and treatment improves autonomic nervous system functions more rapidly. 31 Other studies have demonstrated that the change of posture may lead to an abnormal cardiovascular response (orthostatic hypotension, POTS, syncope) in one-third of patients 32, 33 and that CFS is most likely associated with sympathetic dysfunction. 34 There are also studies supporting the similarity of the autonomic dysfunctions observed in CFS and POTS. 35, 36 Hägglöf 37 in 2000 and Björkegren 38 in 1999 demonstrated that CFS could be treated with vitamin B 12 .
CONCLUSIONS
Our study shows the association between the etiopathogenesis of POTS and the vitamin B 12 deficiency-induced sympathetic nervous system-baroreceptor dysfunction.
